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Abstract :  The time h i s t o r y  and d i f f e r e n t i a l  i n t e n s i t y  of s o l a r  
X-raysof energies  from 80 t o  more than 500 KeV w e r e  observed 
during t h e  f l a r e  event of 7 J u l y  1966. These measurements, made 
from a so l a r -o r i en ted  s t a b l e  platform on OGO-111, cover the  
h ighes t  d i f f e r e n t i a l  energy range s tudied thus f a r  and i n d i c a t e  
the  g r e a t e s t  i n t e n s i t y  i n  hard X-rays of any s o l a r  event obser- 
ved t o  da te .  Three i n t e n s i t y  peaks occurred a t  about 0027,  0029 
and 0037 UT, coinciding with the  times of microwave and o p t i c a l  
i n t e n s i t y  maxima. 
e r i s t i c s  of t h e  X-ray emission, and comparison with t h e  rad io  
and o p t i c a l  d a t a ,  i n d i c a t e  a non-thermal bremsstrahlung o r i g i n  
f o r  t h e  X-rays. 
A study of t h e  s p e c t r a l  and temporal charact-  
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1. In t roduc t ion  
So la r  X-ray b u r s t s  of photons wi th  energy below 200 KeV 
have been observed from ba l loons  and s a t e l l i t e s  f o r  n e a r l y  a 
decade, w i th  t h e  consensus of opinion a t t r i b u t i n g  t h e  hard 
X-radiation t o  non-thermal bremsstrahlung processes  i n  t h e  
f l a r e  region (deJager ,  1). Thi s  type of mechanism was f i r s t  
proposed by Peterson and Winckler ( 2 ) .  More r e c e n t l y ,  it has  
been suggested t h a t  a l l  of t h e  observat ions of ene rge t i c  f l a r e  
X-rays t o  d a t e  may be  explained i n  terms of t h e  bremsstrahlung 
of  thermal e l e c t r o n s  (Chubb, e t  a l . ,  3) .  The measurements pre- 
sented he re  were made over a somewhat higher  energy i n t e r v a l ,  
80 KeV t o  1 MeV, during t h e  f i r s t  h igh - in t ens i ty  f l a r e  of t h e  
new s o l a r  c y c l e ,  t h a t  of 7 J u l y  1966. They appear t o  be much 
more e a s i l y  r econc i l ed  t o  t h e  non-thermal bremsstrahlung 
hypothesis .  
2. Apparatus 
The r epor t ed  da ta  were obtained from a low-energy pos i t ron  
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d e t e c t o r  incorporat ing two X-ray spectrometers ( C l i n e  and Hones, 
4). This  d e t e c t o r ,  shown schematically i n  F igu re  1, was designed 
p r i m a r i l y  t o  search f o r  i n t e r p l a n e t a r y  p o s i t r o n s  by measuring t h e  
s p e c t r a  of s i n g l e  or p a i r e d  X-rays accompanying stopping p a r t i c l e s .  
I n  one of t h e  p o s s i b l e  modes of data a c q u i s i t i o n ,  s i n g l e  X-rays 
may b e  monitored i n  one of t h e  C s I  spectrometers w i th  41l p a r t i c l e  
an t i co inc idence  which i s  v i r t u a l l y  X-ray t r a n s p a r e n t  above 80 
KeV. Once each 18.5 seconds, i n t e g r a l  i n t e n s i t y  measurements 
a r e  made i n  each of  t h e  16 energy l e v e l s  equa l ly  spaced between 
80 KeV and 1 MeV, al lowing f o r  both temporal and s p e c t r a l  a n a l y s i s  
of t h e  da t a .  
mounted on t h e  s o l a r  panel  of E O  111. 
po in ted  a t  t h e  sun, was w e l l  outs ide t h e  region of geomagnetic 
i n f luence ,  and en joyed uninterrupted d a t a  recovery.  I n - f l i g h t  
c a l i b r a t i o n  of t h e  spectrometer was accomplished by monitoring 
t h e  511 KeV a n n i h i l a t i o n  l i n e .  
During t h e  event r epor t ed  h e r e  t h e  d e t e c t o r  w a s  
It was cont inuously 
3. The 7 J u l y  1966 Event 
Th i s  event w a s  n o t  only unusually i n t e n s e  i n  hard X-rays, 
b u t  was r epor t ed  a t  Nagoya (5) as very i n t e n s e  i n  microwave r a d i o  
emission and, i n  a d d i t i o n ,  was found t o  be  t h e  first known event 
i n  which a d e t e c t a b l e  i n t e n s i t y  of r e l a t i v i s t i c  s o l a r  e l e c t r o n s  
was found i n  i n t e r p l a n e t a r y  space (C l ine  and McDonald, 6 ) .  
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The s o l a r  f l a r e  of importance 3 was observed a t  N35, W48 
i n  McMath p lage  r eg ion  8362 s t a r t i n g  a t  0025 UT. The o p t i c a l  
f l a re  coinc ided  approximately wi th  t h e  r a d i o  b u r s t ,  a complex 
t y p e  IV observed over a wide frequency range. The dynamic spectrum 
shown i n  F igu re  2, compiled by Hakura ( 7 )  using d a t a  from Nagoya, 
Pen t i c ton  and Hira i so ,  has  i n t e n s e  microwave b u r s t s  a t  about 
0027, 0030 and 0038 UT a sc r ibed  t o  t h e  synchrotron r a d i a t i o n  of 
e i e c  ti=oiis the s - ~ n s p c t  f i e l d ,  follc>:& 3 J r  ~ ~ d i ~ t i ~ ~  peaking n 
i n t e n s i t y  a t  longer  wave l e n g t h s  from about 0100 t o  0200 UT 
r e l a t e d  t o  e l ec t rons  i n  t h e  higher  corona. 
4. X-Ray Resu l t s  
The t ime h i s t o r y  of X-rays of energy g r e a t e r  than 80 KeV i s  
The i n t e n s i t y  maxima a t  about 0027, 00.29 and shown i n  F igure  3. 
0037 LJT c o r r e l a t e  w e l l  w i th  t h e  microwave b u r s t s .  
maximum corresponds t o  more than 300 photons em-2 see-1 above 
80 KeV a t  i t s  peak. 
been pointed ou t  prev ious ly  by Kundu (8) a t  somewhat lower X-ray 
energ ies .  The spectrum of de t ec t ab le  X-rays extends up t o  seve ra l  
hundred Keq exh ib i t i ng  t h e  same three maxima a t  t h e  same times. 
i n t e n s e  emission over such a l a r g e  range of energ ies ,  from micro- 
wave r a d i a t i o n  t o  quanta of near ly  an MeV, wi th  r e p e t i t i v e  b u r s t s  
e x h i b i t i n g  exce l l en t  temporal c o r r e l a t i o n ,  seems i n d i c a t i v e  of a 
non-thermal model f o r  t h e  X-ray generation. 
The t h i r d  
This  exce l l en t  X-ray-microwave c o r r e l a t i o n  has 
This  
The observed i n t e g r a l  X-ray spectrum i n  t h e  main peak, co r rec t ed  
f o r  d e t e c t o r  i n e f f i c i e n c i e s ,  i s  shown i n  F igu re  4. This  c o r r e c t i o n  
i s  n e g l i g i b l e  a t  80 KeV,  but  t h e  de t ec to r  i s  only about 25% e f f i c i e n t  
a t  500 KeV. 
a sample of isothermal  o r i g i n s ,  and i s  seen t o  be  incompatible wi th  
bremsstrahlung generat ion from an o p t i c a l l y  t h i n  isothermal  region. 
Note t h a t  t h e  experimental  spectrum g e t s  i n c r e a s i n g l y  harder a t  
h ighz r  m e r g i e s ,  while ZR i s s the rms l  bremsstrah lnng s s ~ r ~ e  x s d d  b'" m e +  
i n c r e a s i n g l y  s o f t e r .  It may be f i t t e d ,  of course,  t o  a superposi t ion 
of m u l t i p l e  isothermal  spec t r a  having temperatures up t o  more than 
a b i l l i o n  degrees,  b u t  t h i s  procedure i s  too  a r b i t r a r y  t o  be  
d e f i n i t i v e .  
mult i thermal  model t o  match t h e  experimental spectrum, and t h e  r a p i d  
hea t ing  and cool ing demanded by the time c h a r a c t e r i s t i c s  would seem 
t o  argue a g a i n s t  a thermal mechanism. 
The spectrum i s  shown compared w i t h  t h a t  computed f o r  
Both t h e  extremely high temperatures r equ i r ed  by any 
A s  a measure of t h e  r e l a t i v e  shape of  t h e  spectrum i n  time, 
we have c a l c u l a t e d  t h e  best power l a w  f i t  t o  t h e  f i r s t  t h r e e  i n t e g r a l  
l e v e l s  (80, 136 and 203 KeV) as  a funct ion of t i m e  (pre-event back- 
ground has  been subtracted o u t ,  of course) .  Th i s  i s  shown i n  
F i g u r e  5. The gradual  f l a t t e n i n g  of t h e  spectrum i n  time i s  again 
sugges t ive  of non-theFmal bremsstrahlung. I n  c o n t r a d i s t i n c t i o n ,  
Chubb e t  a l .  (3) f i n d  a steepening of t h e  s p e c t r a l  shape i n  t i m e  
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f o r  t h e  f l a r e s  of 31 August 1959 and 1 September 1959 which 
they  a t t r i b u t e  t o  t h e  cool ing of an i so the rma l  plasma. 
5. Conclusions 
The s p e c t r a l  shape, t i m e  c h a r a c t e r i s t i c s  and r a d i o  c o r r e l a t i o n  
f o r  t h e  f l a r e  of 7 J u l y  1966 strongly suggest  a non-thermal 
bremsstrahlung o r i g i n  f o r  t h e  hard X-rays. It i s  important t o  
no te ,  however, t h a t  t h e  NRL da ta  f o r  t h e  1959 events  have very 
d i f f e r e n t  s p e c t r a l  and temporal c h a r a c t e r i s t i c s  (which have been 
i n t e r p r e t e d  i n  terms of r a p i d l y  cooling isothermal  plasma 
bremsstrahlung).  It i s  e n t i r e l y  conceivable t h a t  t h e  X-ray 
production i n  d i f f e r e n t  f l a r e s  may be governed by d i f f e r e n t  
mechanisms. The suggestion of Chubb e t  a l .  ( 3 )  t h a t  t h e  observat ions 
of  Peterson and Winckler (3) and Anderson and Winckler ( 9 ) ,  o r i g -  
i n a l l y  a t t r i b u t e d  t o  non-thermal bremsstrahlung emission, be re- 
i n t e r p r e t e d  i n  terms of a thermal mechanism i s  w e l l  taken, s i n c e  
a thermal hypothesis  can account f o r  t h e  obse rva t ions  (al though 
mult iple- temperature  a n a l y s i s  i s  required) .  
p r e s e n t  study, however, t h e  a t t r i b u t i o n  of hard f l a r e  X-rays t o  
a thermal model i n  gene ra l  would not be  j u s t i f i e d .  
I n  t h e  l i g h t  of t h e  
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Schematic representation of the X-ray spectrometer. 
Dynamic radio spectrum lor t h e  solar event of 7 July 1966. 
Time his tory of X-rays above 80 KeV for  event of 7 July 1966. 
For purposes of time correlation, t he  17,000 mc/sec data of 
T.  Takakura and H. Tanaka a r e  displayed together with t h e  
X-ray data (10) .  
I n t eg ra l  spectrum of solar  X-rays of 7 July 1966. 
l i n e s  represent t he  emission expected from isothermal sources, 
normalized such t h a t  they coincide with the  80 KeV point on 
t h e  experimental spectrum. 
Best power law fit t o  t h e  lowest th ree  points  on t h e  experimental 
i n t eg ra l  X-ray spectrum (80, 136 and 203 KeV) a s  a function of  
time f o r  7 July 1966. The power law i s  calculated f o r  t h e  la rge  
maximum f o r  times when the  counting r a t e  i s  l a rge r  than t h a t  
observed i n  t h e  two smaller maxima. Each point represents t he  
average fo r  four consecutive readouts. 
4. The so l id  
5. 
Fig. 1 .  
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